Introduction: Vernal keratoconjunctivis (VKC) is a severe form of pediatric ocular allergy,
topical cyclosporine. On the other hand, asthma and lid eczema were completely controlled in these three patients. The fourth child did not respond to omalizumab and needed oral steroids for his VKC and his asthma. Noticeably, this latter patient did not have detectable sensitization to any allergen, contrary to the other cases. The treatment was stopped in this refractory case, but is still ongoing in all other cases, with a median duration of 33 months (range 16-42 months).
In the literature (four cases), omalizumab may have a more complete efficacy in some cases, but the results are still variable. Conclusion: Omalizumab is an interesting treatment in severe refractory forms of VKC, but its efficacy is incomplete in these very severe cases. [15, 16] . The purpose of this study is to report our clinical experience with omalizumab in severe refractory cases of VKC in children, and to review the literature.
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METHODS
Design
This was a non-controlled, open-label, retrospective case series. We reviewed the files of four boys (eight eyes), suffering from severe VKC, and who were treated with omalizumab. For each patient, we collected the ocular and extra-ocular data concerning their allergic diseases.
At each visit, a global symptom score was assessed by a visual analog scale (from 0 if no symptoms to 100 mm if maximum symptoms).
VKC severity was graded according to Bonini's classification [17] 
RESULTS
Patients were aged 7-13 years. They all suffered from very severe VKC, with symptom scores ranging from 72 to 100 mm, and a clinical grade of 4 in all cases, according to Bonini's classification. Their disease was resistant to topical steroids and topical cyclosporine 2% eye drops, with persistent superficial punctate keratitis despite these treatments for more than 2 years (at least 8 months per year; Table 1 ).
Patient #2 developed a shield ulcer on the left eye, requiring corneal scraping 2 years earlier. In patients #2 and 4, supratarsal depot triamcinolone injections had even been performed once a year for the 2 previous years, and were the only way to control corneal inflammation at this moment.
All patients suffered from asthma, and also from severe rhinitis in three cases (#1, 2 and 3) and severe atopic dermatitis with periocular involvement in case #3. All patients were polysensitized, except patient #4 for whom no sensitization was found. Total serum IgE ranged from 141 to 8000 KUI/L.
Omalizumab was primarily introduced because of the severe ocular involvement. It was administered every 2 weeks by subcutaneous injections, at doses varying from 450 to 600 mg per injection.
In three children (cases #1, 2 and 3), the ocular response to omalizumab was graded as a partial control: symptom scores dropped down to values ranging from 30 to 52 mm at 8 weeks months and from 21 to 31 mm at the end of follow-up. Clinical grading decreased from grade 4 to grade 3 in these 3 cases (Fig. 1) .
However, inflammatory flares with dense punctate superficial keratitis (3-5 episodes per year) still occurred but were much shorter and easily controlled with topical steroids, which were then only needed during the inflammatory flares for a short course, and not continuously as before omalizumab treatment.
Corneal inflammation returned to zero between the inflammatory flares, which was never the case before treatment. Topical cyclosporine was continued in cases #1 and 2, and stopped in case #3 because of allergy to the eye drops, without consequence. No palpebral steroid injections were needed in any of those three cases. In these three responder cases, asthma was totally controlled after 4 months, and eczema also healed completely after 9 months in case #3. Rhinitis was only partially controlled, with still noticeable nasal obstruction and intermittent need for nasal steroids.
Omalizumab was stopped after 16 months in case #1, and has been administered for 33 and 42 months, still ongoing in cases #2 and 3, respectively.
Case #4 did not respond at all to omalizumab, which was stopped after 6 months. Asthma and VKC still needed high doses of topical steroids, and also oral steroid Dermatitis, according to [24] pulses in order to control pulmonary and ocular inflammation. Noticeably, this patient was the only one to have no evident sensitization at allergy workout. His serum IgE level was 141 pre-treatment, and 77 post-treatment.
Omalizumab was well tolerated in our four patients, and no adverse effects were noted.
LITERATURE REVIEW
We performed a literature search in PubMed.
The keywords were vernal keratoconjunctivitis, atopic keratoconjunctivitis, allergic conjunctivitis, and omalizumab. There were only case reports, with a total of four children with VKC who were treated with omalizumab.
The cases are summarized in Table 1 . Sanchez et al. described the first VKC patient treated with omalizumab in 2012 [18] . This severe case had unsuccessfully been treated with topical steroids/cyclosporine, then topical tacrolimus 0.03% ointment for more than 2 years. Although this latter treatment had been maintained, omalizumab clearly allowed for a major reduction of the symptoms after 3-6 months, with a disappearance of the conjunctival tarsal giant papillae after 10 months. No steroid treatment was needed while on omalizumab. Extra ocular involvement (asthma, atopic dermatitis and rhinitis) also improved with the treatment. The effects were still present after 18 months of treatment.
In 2013, de Klerk et al. [15] described the second case of VKC, who had developed a corneal shield ulcer despite topical steroids on the right eye, leading to a subtarsal injection of triamcinolone. Omalizumab was introduced because of non-controlled severe asthma and rhinitis. After 2 months of treatment, ocular After 18 months, the ocular involvement was completely controlled, with a disappearance of the giant conjunctival papillae and of the keratitis. Asthma and rhinitis were completely controlled, although eczema was still moderately active. Although this child had had a severe corneal complication, it is difficult to grade the real severity of his case, for topical cyclosporine had been prescribed for a very short time before omalizumab was initiated for a non-ocular reason.
Recently, Heffler et al. reported two cases, aged 9 (girl) and 21 (man) [19, 20] . The particularities of their study are that none of the patients had asthma, and the efficacy was assessed by clinical parameters, but also by eosinophil count on conjunctival scrape smears. The cases were unresponsive to topical corticosteroids, cyclosporine and tacrolimus, and partially responsive to oral steroids. The younger patient completely responded to omalizumab within 2 months in terms of symptoms and eye redness. The older patient only responded partially and progressively within 5 months. He also suffered from eczema, and, given his age, might have, in fact, a frontier form between AKC and VKC. The eczema was not modified by omalizumab. Giant papillae disappeared after 6 months in both cases. The eosinophil count on conjunctival smears was also dramatically reduced after 6 months of treatment, from 69% in the child and 51% in the young man to 3% and 0%, respectively. Omalizumab was stopped after 6 months in both cases, without recurrence after 4 months.
Williams et al. published an expert review in 2005, where they reported six patients with severe AKC [21] . Unfortunately, the description of their cases was incomplete. Although three patients were qualified as VKC in their summary [6] . Case #4, for whom omalizumab failed, was the only child of our series without any allergic sensitization. Absence of allergy might be a risk factor of treatment failure, although the two patients reported by Heffler et al. were also non-allergic but responded well to the treatment. Besides, elevated total IgE blood levels did not seem to be a predictive factor of ocular response in these patients.
In patients with very high inflammatory levels, omalizumab may only have a partial effect. However, the patients are very happy with the treatment, because the inflammatory flares become more seldom and easily controlled with topical steroids (cases #1, 2 and 3) or antihistamines (cases #7 and 8).
Patients #1, 2 and 3 also suffered from rhinitis, which was only partially controlled by omalizumab, whereas asthma and eczema totally healed within 4 months. Omalizumab might have a lower effect on the eyes and nose, compared to the lungs and skin, although patient #8 did not show any improvement of his eczema on omalizumab. The mechanisms of nasal and ocular inflammation may be more IgE-independent than asthma and eczema.
Several questions remain concerning the optimal therapeutic scheme in VKC patients.
The dosing of omalizumab varied from 300 mg every month to 600 mg every 2 weeks, which represents a four-fold variation between different teams, but there are no data available in these patients for a dose-effect relation.
Among all the publications, our patients have the longest duration of treatment by omalizumab, up to 42 months. However, VKC is seasonal in 70% of patients, with an increase of inflammatory flares between February and October. It is not clear whether omalizumab could be stopped during winter, but it seems that this practice has been adopted by some teams.
The cost of omalizumab remains a concern (several thousand euros in Europe), but in most severe cases of VKC, we believe that such a cost is justified. Although the effect was partial in our patients, the occurrence of severe corneal complications was prevented, and the quality of life of the patients much better. In the future, other key mechanisms such as those involving eosinophils should be targeted by new treatments.
CONCLUSION
Omalizumab is an interesting treatment for refractory forms of VKC. Its efficacy can be partial in most severe forms, but reduction of signs, symptoms and anti-inflammatory treatment is almost always noted. The best patient profile and treatment regimen are yet to be determined. Controlled studies are needed in the future. authorship for this manuscript, take responsibility for the integrity of the work as a whole, and have given final approval for the version to be published. 
